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55 (54) Title: OPTICAL REDUCTION SYSTEM WITH CONTROL OF ILLUMINATION POLARIZATION 
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(57) Abstract An optica] reduction system with polarization dose sensitive output for use in the photolithographic manufacture 
of semiconductor devices having variable compensation fox reticle retardation before the long conjugate end, The variable com- 
pensation components) before the reticle provides accurate adjustment of the polarization stale at or near the reticle. The variable 
compensation components can be variable wave plates, layered wave plates, opposing mirrors, a Berek's compensator and/or a 
Soleil-Babinet compensator. The catadioptric optical reduction system provides a relatively high numerical aperture of 0.7 capable 
of patterning features smaller than 0.25 microns over a 26 mm x 5 mm field. The optical reduction system is thereby well adapted 
to a step and scan microlithographic exposure tool as used in semiconductor manufacturing. Several other embodiments combine 
elements of different refracting power to widen the spectral bandwidth which can be achieved. 
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ioTWA^n^iRS* <fctf kT-A77U >y ^S^KATJ-rsaftOBS 
t!*&<R$Z>o D3ffi«0«0^3 0l'>X»l4, tr^if hfr&Jtt¥5'*Ti» 
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[0 0 14] 

©*ifcfc.fctflW1?i:ra*fc, W*©Bflffl*«lll/t\ WTKB«tlB*«ti*. 
[0 0 15] 

^©letttttt^u *«w©ara*«wr«s*j*iRftL, msjr 
#*«*»w*fT*3cfc, fro, ttffl-ricfcOTttt-r*. 

[0 0 16] 

twa, n^rdmmmzmn^m^to sets #s$#^©gfc£©# 
# (*»sfttta«» », *©#Ba^s%*Ka»LftHii*ws-r6. 

[0 0 17] 

(»JS^*fiS»SI©PaB*iiJW) 

i. ass 

I I. HPMf§ 

III. V&0Xt&i/7sTkt\s**frWB!gi 
1 V. fittffiffit 

A. l^*!IMMBt©*llli**r*3tt*5'^^i» 

b . mo&wm 
i. mm 

/Jv>x-ri» (Hi) fe«J:tj : *%B^e,t < i;^TEa^nfcb^^;l/|tSfiT©F [ gH 
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(0 2 A) ZmWTZo ffl)16l*fll*J:t;*«WKJ:«ffli3t«fll*a*r*fc«>0 

ry^yr-fg^BWIW* (03-09) o 
[0 0 18] 

1 1. #p?ffll§ 

[0 0 19] 
[0 0 2 0] 
[0 0 2 1] 
[0 0 2 2] 
[0 0 2 3] 
[0 0 2 4] 

[0 0 2 5] 
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[0 0 2 6] 

mm r*m#?-v7j BAaarnvvyi?*** itwiwmamRtift 

[0 0 2 7] 

[0 0 2 8] 
[0 0 2 9] 

III. ^©ft^XxAtW^MSBSr 

bib, fie*©3W8'h^xTi»*ia^-ra. uf-*>wweB«tis*n#wi 

¥SiRi¥l 2 0fc, e-AX^'Jy^ji^l 5 0 k, gfl©l/4j£ftffil 4 0 
fc, HffiSIl 3 0t 3t2©l/4&ftffil 6 0 4:, S2<Wfc¥gJK*l 7 0k 

**rrs. cn5>osni 20-1 7oo*«a, 1 99 6^7^ 1 eatwi 

1 1 i ams o n tfgfjSft/c, TCatadioptric Optic 
al Reduction System with High Numeri 
cal AperturejO»W5, 5 3 7. 2 6 0*»ClBIES*lS. 

[0 0 3 0] 
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o ©M^Sti, fcaafltttettLT**, ©i|BCD»KMl;:«4T*„ ©tic 
[0 0 31] 

B2Att t 1 OOfcJHJffWSfcHjS-*-*. 1 Oii, km 

GJfc2 1 OOSKKES^nS. ^Hl/B2 0 5tt, 0»fcOit«*ai*HSf 

i>o Vf-tivi l oteH^'J*-^^ -f w^;H i o«*rffr 

*Kn*3tOf-y^2 3 7fc.fctf*7Vy K2 3 8*^f. 
[0 0 3 2] 
I V. <Itt«{a 

sfts (u^x— >a^«t a, mmm*7K-fti®fr ti 
it, «ff#ss»tt-e**. ens, w^ojiffigdatfsft spirits* »k & 

[0 0 3 3] 

30©^S¥W^lRlSfcttfS*^fllTS5o n, = n,= n,"P, ttft»ft¥ttlC 

l*u tsmmmma^ mm& #«*tt) ?tt*«»tt*wr 

tnii 1 ^©<SIMttj(Mfe©2 0fcg&ScL -f&fr^ n^n^n,^ 
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o 

[0 0 3 4] 

IOOD^IrJ) tts 20(DgftSiaSf^ ; &^-r<» Ctxtt, l^jSffr^no 

gmd tm>mtf%r> c gs«i) T'^^o 

[0 0 3 5] 

F i® Zoic, n.>noT**»*» #M?iW*W:iW*T*!>. 
[0 0 3 6] 

St, Jlttt, B»f*n.*»rmiW4:LTlWM-*. cft5 2o©*££*5^ 

*^fts. 

[0 0 3 7] 

LfctfoT, 5£©if£, S*B£Wi« «*3164MBIfc»5fc*W8j*SKif 
[0 0 3 8] 

OKI] 
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a - 2nd 1 — - — , 

K^-oT^-tL^ llT\ a tiffin dtei&S«©Ji2, n*. n-teSStt 
[0 0 3 9] 

l/4j£ft1SQ/i2ti:, ffifflStf 1 / 4 jgft® (-tfn#) ffctt 1 / 4 ifcft© 
[0 0 4 0] 

l/4^fttS^2lHiaji-ri.i:^ 0>J;Ll£, fttfS^-lCfcoTSt};* 
ttTl/4i&g«*2[eliIi®-f;i>i:, ^nte¥i£g}S©cfc5£m8U fiift¥E 

[0 0 4 1] 

5, Cfttt, ¥»ft©8tt«fc 1 /4i£ft£ELfcfc©, Sfctt, l/4»ft£ 
ftf^SOAt^^HjOMK^fi, Hfn^O«ft«OfiyBKJ:-3T, fro, A*t¥ 

o 

[0 0 4 2] 

mats {fi^Mfri/2iss (-sd*) £fctti/2»s 

[0 0 4 3] 
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qXttfltttt, i: J: tftu *ft*ffl^T\ l /4i£ft43«fctf¥ 

[0 0 4 4] 

j:ne.2off)ffi^§g©itfti«, E2Bfe«tr;0 2CT'^sna. 02Bt±, * 

[0 0 4 5] 

(i gnorant) J 0 LfrU &2 5 0*%2 4 OO^t, Sfctt, # 
2 4 0*»6*nT«<«* (*n«. 152 5 0' T^StlS) , AliWSOfa© 

[0 0 4 6] 



[»2] 
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[0 0 4 7] 

fcSo 02 Ctt, «2 6 0, 2 7 0*5,fctfl£2 8 0, 2 9 0£*rfo 20©&© 

##-£©«©&. {§£©«*ii>l-f3i:, Ki&fS. S2 6 0 (2 8 0) ic* 
m-£tltcGLta&1zrclV)*T-i'3>lt, «2 7 0 (2 9 0) £J;t>T»#ttfc 

[0 0 4 8] 

RJS*«S8tt, ^x<y->'*f2 6 3, 2 6 5*S«fctft7x>y^tt2 8 3, 2 8 5 £ 
S«tl*J:5l=, 2 0©fflffitt&^xy->*i:LTlS2 6 0 (2 8 0)%StfrS 
CttcioT, ffSteftS. il(DJ;dt!:> S2 6 0 (2 8 0) ©±#iaJItt, "> 
x\y^2 6 5KftLT?xy:*2 6 3*7.7^ Ff *d fct ioTlSfiSnilS 
„ Ch*H2CtH3fr«. &2 6 0 (2 8 0) Of*tfl2 7 0 (2 90) O 
££H:IE58k:l?U>*S\ IEiS*-tfo©'J*T--;'3 
[0 0 4 9] 

©^^©SS-HcigHLT, ifeTimsctfSS, 
[0 0 5 0] 
(V. {flfxO'('>7' l )^yT->3» 
(A. U-1fiS»flM©»!l»**rsJfc*5'*-riO 

5o fc«.*S6fB^lC*3V^T. ^ft©ffiMI4:MiE«^, l>f-9)WLm<0VatL£LT 
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[0 0 5 1 ] 

MOlUMMfcfc^T, *f«8§->*xA«, jaffi«4i^*;i/«JIST*Jii«T 
S ft »«MB»flW£* * 7 -b y h f S J: 5 KStt S ft ft 5 . 
[0 0 5 2] 

£ a &#*t*ttSfctt7y Vb'W7X*«||IW«, *JM!0*ll»«*BR , r 
So ^U-**gfll»3 0 5«» rf-r^x^hSfettl/f-^Wffil 1 0©tfi»C$* 
ASft*. ^U-**HMI3 0 5W\ U^;l>¥®{IftC*£$l^i)SU U^f 

*n, auMiwi&trt. 

[0 0 5 3] 
(B. SiJ<D&ffi£ffi) 

VWa- ^'JxM«g§4 0 5<HM3 0 5©ftt>9fc:U?-*;H 1 0 0 
[0 0 5 4] 

(c. ittzms&m) 
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[0 0 5 5] 

iSMifcHS 5 0 5 , 6 0 5> 7 0 5, 8 0 5*5cJ:l>*9 0 5 ttt 
JSJgffi*H5->-9**iaLTJMTK:»«t8iW-r*. RJSiSSES 0 5, 6 0 5 
,7 0 5, 8 0 543j:r>*9 0 5tt, 1ME»WfifclHJfcStlf\ -ftWfctt, MX 

[0 0 5 6] 

5/*?J»tt, H50S«a*SWB^6» ^JSiSMffi5 0 5, %{*£fcttb:F*;l/® 

1 1 0, glObr/XPLG 1, SftlTifc&xUv-S 2 0, £2©b>XS¥L 
G2, e-AXXU 'V^-iZ:7?5 3 0, SlOl / 4 i£iS$R 5 3 2, ESffiS?- 
5 3 4, J|2©l/4»ft«5 3 843J:lF»30UyX»LG3*dtr. Bfitt 
, WWfiSfctt^i^ffil 8 0tJB**tiS. Ml ©UVX8LG 1 tt, ^>x;l/ 
5 1 2, iEbVXS 1 4ft<fctfau>'X5 1 6*-&trHPB*2ttTiEB£ft*-r 

J-fcitflEU'VXS 1 8«r#£Jo ->x;U5 1 2tt, I$l£0©ffl2)£;fcti 
0©fcb^b>XT*$>5. S2©bVXI¥LG 2tt, IEPyX5 2 2, AU-VXS 

2 4*3<fcl/IEU>X5 2 6*«tJlHH*ffiWTBII*tlS7 , a^U'y t-*5«fctffi 

2 8**&. $3©WVX*LG 3te, Bn^iETfc* 2 0©jEU:/X5 
4 0 t 5 4 2, ->x;l/5 4 4 43 t ktfSH/\EE-F£S 2 C^ZEl/^X 5 4 6 fc 5 4 8 
£^£J„ Jfr»3fcfc^S5 7-5 2 Ott, *«W*ftfP?ti:*fe«)ti8^-P«:*^ 

CTKBc-r*. c©<:i:tt, *»w©Jt*->^T2»© i ooBttfcfarT'Ufr 

[0 0 5 7] 
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, Sf0ftft*S55-5 2 OTStten, ^20b^XS¥LG 2«:ffi^o 
. br-AX7'J-y*-4#5 3 0fc:AoT, 3ES5 3 6T'5S-fSn, 1/4&S 
®5 3 2£ii3iUT|yffi$7-5 3 4T5»f^n§o #<^T% ftlttt, 1 / 
48HMS5 3 2, t£-2»X7'Jv*-££5 3 0*)ItK l/4i£ftffi5 3 8, 
UV^fL-G3aioT, BftSfttt^i^ffil 8 0"rtfcj***fc*6tl*. 
[0 0 5 8] 

=L7-©byXS¥±8itLG 1 % LGZS, 3 4 TSfctt^Oifitt 

tio^^ffi^-r^. u>xmi g 1 1 l g 2 fc*n*^to^feta*«s t>f a^k 

ATfe^c ->x;b5 1 2fcJ:tf^(Sr3.7 , b-y h 5 1 4 t 5 1 6tt, #j£lRg, 
^Sfftt^-t^x-fX h— >3 y^tJlRM^IE^Sb^So D3S55-5 3 40 
ftfcfcSl^XafL G 314, ^ftA^B»^X^©^/h©fifc^*a&U 
A^O*SHiiOtBWIi'\t7^-^ J t'7. h y7*iB&+*. 20<D$V\EU:/X5 

4 0 feet If 5 4 2t4, B«ftJ:tfJI«Ba , POaHrtlfcfeW**V>BflP»*««'r 

5 0 ->x;i/5 4 4ttfii:A,ifm:7j£*rSfcv\, 2o©iSvlEU>X5 4 6te.tr; 

5 4 8(4, !Sf3W»OiRao«jE*(iBi-r«. HS5 7-5 3 4(i v 4*0->Xf 
AO«/Jn*0 1. 6-2. 7»0«/jN**a«Llt*. 

[0 0 5 9] 

»20UyXWLG2fcJBtt*Jlb^X5 2 414, e-AXXD y *-£2T5 
>X5 2 2tt«WlRlOfe«iE*a«-r5. ls>X5 2 4 i3ctO-5 2 6*£tr3fflt 

3 4(4#£L<(4#B£ffiT*i&!3, ftt>TR#0lRS%S e>^ffi«-r«©lCf9;fi-3 

o 

[0 0 6 0] 

(M**fcttl/**;l/*IRI*U e-AX^U v*-4»5 3 0 ^H®^5~5 3 

4 i: OPJK: 1/4 ifigfis 3 2 *-&trci: tCcfc^T, «/Nk«h*« *6fc, Oil 
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[0 0 6 1] 

73 5 3 0 -3 fc&8U© 1 / 4 j&ftffi 5 3 8 £»A LTs WS<I)fc£P31I 

[0 0 6 2] 

^5. SfoT, iHftSiiBKfcttSMPSiis feft* fcauf-^i/Bi i otfef* 
T4~o. i 7 5©H?»ci-3T0. 7*&ii***i*. f&fc^ ti#25MM 
P&teO. 1 7 5T*t), B&£MMPftfi 0 . 7 T$i>o §1 1 ©UVXS¥ L G 
l£«n*i:> MPttttO. 1 2S?*'>U #Hfi»T©AtM*M 

XSLG HcjEtB**^SBi:&*. ft 2 ©UVXSL G 2 **nfe«, tf-AT, 
yyyft-izXZt, fflnmtO. 1 ftot, ft2©l/yXi¥LG 2 

*»6©H1»BBP» (0. 1 9) ti. U>X»LG 1 ©AW, Sfc«4tt{*£IBMP 
ft (0. 17 5) fcit^T*^. T&fc>*>, ft2©WXS¥LG 2&, ft 1 © 
UVXSLG l©XI*B!P«J:9fe**ftia»lllP»**-r%. Cfttt, ft2© 
UyX«LG2©JUMj£*lCfiHLT, *(*2IHMR» (0. 1 7 5) fcgft 
TSMHLT^*. CWi, e-A*7U'y*-a£teAoT<4ll!Pfttflll!« 

5 3 4ttliiray-b>hU-y^T-$>!3, *©|H]®57-5 3 4 *>P.SS*«n%)ft 

Mormmt, o. 19*^0. 3 s^ta-rasc**.*©* - ^*. §i3©u 

VX»LG3«\ 9i/>*fttti»ffi 1 8 Olc6lf>Tl»e94i0. 7^4: MP 
[0 0 6 3] 

*»Wttx ft©ft2©b>Xg?LG 2fc.fctfaWE©3l3©UVX»LG 3 C 
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J«r*. «e-AX7"'J •^-T*ii%<Te-i,X7 ,| J V*-JW5 3 0£/SV> 
«Cfctf*J8Wlc6^T«TS4. &if&€>. t90. 4 5 J: t)*t4MP»T? 

$ 1 K^To 

[0 0 6 4] 

CS6] 
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33.1000 


123.0000 


123.0000 










017500 








110 




63.3853 
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0.7500 








512 


-158.7745 


-177.8880 


15.0000 


124.0478 


131.7725 | 










36.1130 






1 


514 


-556.6911 


-202.0072 


2X2126 


148J8S1 


152.5669 I 


.*M 1 


£Pe^ 






38.7181 






J 


516 


-JL83.7199 


•-558.8803 


15.0000 


156J546 


166J750 1 










10.0674 








518 


4272527 


-6123450 


2UO10 


177.4010 


179.0292 1 










1313320 






J 


520 




•74.0000 


184.6402 




522 


^40.4810 


2050.9592 


-33.3135 


188.4055 


185.3395 










•29.3434 






i | 


524 


421.7829 


-145.6176 


.ooooo 


175.5823 


169.0234 




SM 






4zm 






1 


526 


-150,4759 


472.0653 


\ -46.5091 


171.4244 


169.9587 










-2.0000 










-14722790 


-1383223 


-15.0000 


165.3586 


124.8084 










•272060 








530 






-9U186 


155.6662 


253.0917 




536 






253.0917 


\m 


530 






9U186 


253.0917 


253.0917 










ZQQQO 
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6.0000 


185.8693 


186.8401 


1 ->'IM 
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175918 








*h/7 0 








188.0655 








-175918 


188.0655 




532 




iKrRJE 


-6.0000 


183.3471 


180,1419 










-2.0000 








S30 






-91,8186 


178.3340 


1 jtfi ion 

149.2832 


✓*/ W j 


530 






-70.000 


149-iS3z 


lift OifflJ 










•2.0000 








538 


J£* of? -4c 




-4.500 


1275681 


126.6552 


r lift 








-0.7500 








540 


-175.1330 


1737.4442 


•17.7754 


121.4715 


1182689 










-CL7500 








542 


-108.8178 


-580.1370 


-183407 


104.5228 


97.7967 


>']* 








-0.7500 








544 


•2012637 


-86.5025 


-31.1216 


91.7061 


57.4968 










-23507 








546 


-122.1235 


-488.7122 


-175476 


56.4818 


41.1675 










-0.2000 








548 


-160.8506 


-360.1907 


-6.1500 


39.4528 


33.5764 










•4.000 








ISO 






26.5019 





[0 0 6 5] 

[S3] 



z . (2S2S +(4r < 

i+Vi-(i+*)(ci«r) 2 r J ; 

+U)7* + (JD)7 10 + (£)7» 2 + (F)7" 



CUR V = -0. 0 0 2 8 9 0 5 1 
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12 0 0 3-5 3 2 2 8 1 



K=0. 0 0 0 0 0 0 
A = 6. 0 8 9 7 5 X 1 0-" 
B = 2. 64378X10 14 
C = 9. 82237X10 - ,9 
D=7. 9 8 0 5 6X 1 0 -° 
E=-5. 9 6 8 0 5 X 1 O' 27 
F = 4 . 85179X10 " S1 
aiOlMtfciSUVXtt* Wtf2 4 8. 4^/*-h;V0tt»fcttLT« 

/^-h;WdWB-r*. cox^*h;WIH*(Btt* »^*»D7v{fc*yXh v 

[0 0 6 6] 

$2ft?#& 0 *nnoJR2 0Xtt«tt«B6(c^-r. B 6 M 
1 © 1 /4»fiS6 0 8, 1 Os |g20 l/4&^t£6 

1 K UVXSLG4, SrDfc;fc#5£^7-6 2 2, UVX8LG 5, SS6 3 
8^^1-^>e-AX7 l J7^-3i??6 3 2, SIl<Dl/4ifcBffi6 3 4, HSU 
5-6 3 6, £2<Dl/4«g«6 4 0 fcitf UVXB L G 6 Sr^tTo 
HflfcSfttt^x^ffil 8 0T«J««h«o U>X»LG4tt, AU>X6 12i: 
jEU>X6 1 4i:*$trHP»*^TEBSnSraXUy »^jEUVX6 
1 6, IEUyX6 1 8fe«fctf^x;l/6 2 0£#t? 0 U>X&L G 5 tt, IEUVX 
6 2 4, *U>X6 2 6, jEU>X6 2 8 JJilfft UVX6 3 OfcStT. UVX 
PLG 6*4, 2O0IEWX6 4 2, IEbyX6 4 4 fcftl/yX6 4 6 k**tt 
ffl^-faXUy K IEUVX6 4 8fecfetf*>x;l/6 5 0£IEUyX6 5 2fc*"& 

[0 0 6 7] 

c(om2(ommmt. u>xsLG40ffl^oEuvx. u^x^lgso 
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m*<Dn.®\s>X<D5*><D 1 Ofccfctf UVXS¥ L G 6 OIEOUyXO?^ 2 0£ 

^^WT^S2tC^fo 
[0 0 6 8] 
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33.1000 
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152158 
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8.8054 
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2080 .9700 
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1.2676 










S1A4K3 


700J748 


40.7304 


162.4908 


M52126 


CaFl 








05000 
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£34.1820 


-798.5523 


275892 


165.4595 


166.4747 










05000 








620 


1480.0597 


1312.1247 


25.4322 


158.7516 


1R7651 








1362343 
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-74.0000 


16U590 




624 


-7*15175 


1088.9351 


-192150 


1603165 


1592384 


-.lift 








-193463 








626 


648J36I 


-202.5872 


-12.0000 


155.1711 


153.0635 


CaFl 








-7.6304 








628 


•4O0.4276 


4585060 


-25.8769 


153.0635 


153.8055 










-roooo 








630 


-818.0922 


-1585034 


-275927 


1525663 


1475200 


CaFl 








-205014 








632 






-91.7553 


1485158 


252,7349 
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25Z7349 
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91.7553 


252.7349 | 


252.7349 


V'|77 
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2.0000 
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6,0000 
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187.0026 
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188368] 
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-18.1636 
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-6.0000 
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101 IrtlM 
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-ioooo 
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ijim m ago 
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iy Rfl -fr 


-70.0000 
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1333785 
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-43000 


1323690 


1313876 










-03000 
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-112.0665 


-597.6805 


-21.4866 


123.4895 


119.2442 










-03000 








544 


-1163137 


2823140 


-24.0940 


107.8451 


101.2412 


can 
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' 2823140 


-663293 


-13.7306 


10U412 


72.6862 










-2.6346 
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-77.2627 


-374,4800 


-17.9594 


72.0749 


62.7659 










-03452 








650 


-130.1381 


-57.1295 


-20.8147 


585696 


37.4889 
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-57.1295 


-7305.8777 
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F = 3. 64479X10 " 32 
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*»»»©^d'b;MIWMi«IIIB , r*. L*»Lft««6, S4©JttWS«U\ A 
aO3-3OjaS«»fcHI«lc«*BBP»0. 7Ttta<T*fcMP»0. 6 3* 
WTSCDT', ^ 4 0*figje«t±, 7>^^h;l/£D*S]l5^ffifi3 0 0tf3X-b;V' 

[00 7 6] 

$4(^tlit, ttTOjftT«ffl©3-3©WBB«i:Rft*. -rate*, SB 
4©*flSJB«OLG l*J:tfLG2©IE«©Hl2)tt, ««J0 3O03te6BB!ltft 

^5iamsvftTttft<TS»/ ,, iETa&So set, doctti, lgulg 

TAIW&HS^-S 3 4T£fctt*©ttj4?£«*3Cfc*^K? _ acfc 
[0 0 7 7] 

OjaS^tttts MPRO. 6 0**U *>&#2 4 8. 4 h>McfcV*T 
3 0 0 tf3^-h;KD^^^ b;W»*«Tf»fWS. COft^J^T-xAte, 

1 1 0, ® 1 ©UVXSUG 1 x 8r9fc;te#£5 5-9 2 0^ %2<DU>X 
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